ABSTRACT Malaise trapping efforts for Therevidae (Diptera: Asiloidea) have uncovered a relationship between brachyceran Diptera and mites of the family Microtrombidiidae (Acarina: Trombidioidea). Malaise trap samples from a Juniperus forest in McKinley County, New Mexico produced 39 brachyceran families, 14 of which were parasitized by microtrombidiid mites in the genera Platytrombidium Thor and Microtrombidium Haller. The frequency of parasitization was signiÞcantly higher in Tachinidae and Therevidae than the other 12 brachyceran families with parasitized individuals. Mite loads, i.e., the number of mites per individual, were also statistically different among families; some individuals were parasitized by as many as 21 mites. Mites preferred to attach at sites with soft, weakly sclerotized cuticle; the ventral cervical area and the membrane behind the hind coxae were most densely infested. Female Therevidae were attacked by mites at a signiÞcantly higher frequency than their male counterparts, but mite loads were similar. Insights into the host-parasite relationships between the ßies are discussed, but the paucity of both mite and dipteran information limits their interpretation.
LITTLE IS KNOWN of the biology of trombidioid mites except that larvae may parasitize other arthropods including Diptera (Welbourn 1982) and that parasitization may affect host development (Polak 1996) and behavior Markow 1995, Polak 1997) . Some workers have provided attachment site information of other mite families for aquatic Diptera McIver 1984, Courtney and Smith 1992) and Stomoxys calcitrans (Diptera: Muscidae) (McGarry and Baker 1997) . Key (1994) summarized the knowledge of parasitism by four genera of mites of Australian grasshoppers. Beyond these few references, the literature appears depauperate of trombidioid mite information beyond that of alpha level taxonomy. Lyneborg (1981a, 1981b) reviewed the known biology of Therevidae (Diptera: Asiloidea). As larvae, Therevidae are fossorial predators of other fossorial invertebrates, particularly larvae of Tenebrionidae, Elateridae, and Scarabaeidae. They prey on pests of economic importance (English 1950) and have a potential role as biological indicators. As adults, Therevidae perch on or near the substrate, taking ßights of short duration; they appear capable of ßying longer distances (i.e., perhaps as far as a few kilometers) to sources of water.
The known biology of Tachinidae (Diptera: Oestroidea) is extensively reviewed by Wood (1987) and Tschorsnig and Richter (1998) . Arnaud (1978) cataloged the available literature on host/parasite relationships of North American tachinids. Tachinids are parasitoids of other invertebrates, but mainly insects. Host speciÞcity occurs, but many species are polyphagous, attacking species of several families with pupation occurring either within the host or in the substrate (Arnaud 1978) . Adult tachinids display a variety of behaviors including, but not limited to, visiting ßowers, attraction to honeydew, hilltopping, sunning on leaves, sunning on ground or on rocks in dry stream beds, sitting on tree trunks, visiting water holes and seeps in xeric habitats, and searching for hosts in all habitats (James OÕHara, personal communication).
Extensive Malaise trapping of therevids has provided much needed information on phenology, sex distribution, habitat choice, and, in reference to this work, ecological associations with other invertebrates. Recent trapping efforts in a mid elevation xeric Juniperus forest in New Mexico, United States, have uncovered an association between brachyceran Diptera and parasitic mites of the family Microtrombidiidae (Prostigmata: Trombidioidea).
This study reports the distribution of microtrombidiid mites on brachyceran Diptera, the mite loads (i.e., the number of mites per specimen) on parasitized families, and attachment site preferences from this collection sample. Further, host sexual preferences are provided for the family Therevidae. This study contributes to the known biology and ecology of parasitic mites and brachyceran Diptera. We feature, in particular, special insights on parasitization of the families Therevidae and, to a lesser degree, Tachinidae.
Materials and Methods
Insects were collected indiscriminately into 75% ethanol for a period of 5 d (26 June Ð2 July 1997) using a 6-m Gressitt-style Malaise trap (Gressitt and Gressitt 1962) . The trap was placed in a ravine (Ϸ15 m deep by 5 m wide) at the edge of a xeric forest dominated by Juniperus sp. (New Mexico, McKinley County, 2.4 km south of Fort Wingate, Cibola National Forest, Zuni Mountains, 35Њ 27Ј 13Љ N, 108Њ 32Ј 43Љ W, el. 2,210 m). The ravine is a remnant of many years of spring run-off but was completely dry at the time the sample was taken. Geographic coordinates and elevation were obtained using a global positioning unit. Water was splashed at the base of the Malaise trap on the Þrst day of collection to encourage therevid visitation. The dampness imparted by this action dissipated within 24 h.
Brachyceran Diptera were separated from the rest of the insects in the sample, identiÞed to family, and inspected for the presence of microtrombidiid mites using a dissecting microscope. The numbers and positions of mites were noted for each parasitized individual. The frequencies of mite parasitization were compared among brachyceran families parasitized by microtrombidiid mites with an R ϫ C test of independence using G-test (Sokal and Rohlf 1981) . SigniÞcant differences of frequency of parasitization among families were calculated by repetitively partitioning the contingency table (Agresti 1984) . The mite load of each family with parasitized individuals was compared by calculating the KruskalÐWallis H statistic adjusted by the parameter D for ties (Sokal and Rohlf 1981) .
Parasitic mite position was divided into nine sites and each mite was assigned a site based on the insertion of its chelicerae. A nonrandom distribution of the number of mites among attachment sites was analyzed using a single classiÞcation goodness-of-Þt test with the chi-square statistic. The data from all families were summed and the observed frequencies were compared with the frequencies from the expected multinomial distribution with no assumed preference (McClave and Dietrich 1985) . The chi-square was partitioned to determine pairwise differences between attachment sites and order of preference for attachment sites. The same analyses were used to compare the attachment site preferences of mites on the families Tachinidae and Therevidae. Flies in the family Therevidae were identiÞed to species where possible and sexed. The frequency of parasitization in male and female therevids was compared using the G-test of independence and WilliamsÕ correction as recommended by Sokal and Rohlf (1981) . The mite load of each sex was compared by calculating the Kruskal-Wallis H statistic adjusted by the parameter D for ties (see Sokal and Rohlf 1981) . A preference for attachment site, among the sites where mites were observed, was analyzed for males and females using the chi-square statistic compared with the multinomial distribution (McClave and Dietrich 1985) . The chi-square was partitioned to determine pairwise differences between attachment sites and order of preference for attachment sites. One female therevid was dissected before the site of mite attachment was recorded so was not used in the comparison of attachment sites.
All statistical analyses were performed using Microsoft Excel 97 (Microsoft 1985 (Microsoft -1997 . Voucher specimens of brachyceran taxa studied were deposited at the Illinois Natural History Survey Insect Collection except for the specimens of Stenomicra Coquillett, which were deposited with Dr. David Grimaldi, American Museum of Natural History. Voucher specimens of the Microtrombidiidae were deposited with W. C. Welbourn, Bureau of Entomology, Nematology and Plant Pathology, Division of Plant Industry, Florida Department of Agriculture and Consumer Services.
Results
The diversity and abundance of brachyceran Diptera collected in the sample are shown in Table 1 . Thirty-nine families of Brachycera were collected with a total brachyceran catch of 4,178 ßies. Therevidae were most abundant (n ϭ 983), whereas Canacidae, Clusiidae, Conopidae, Lonchaeidae, Otitidae, and the Platypezidae were represented by one individual each. Most specimens were not identiÞed to species.
Microtrombidiid mites in the genera Platytrombidium Thor (1 or 2 spp.) and Microtrombidium Haller (1 sp.) parasitized 14 of the 39 collected families (Table 1). The frequency of parasitization was found to be signiÞcantly different between parasitized families (G ϭ 3523.26, P Ͻ 0.001). The signiÞcant difference in frequencies of parasitization between all families was explained by the higher frequencies in the families Tachinidae and Therevidae (Table 1 ). The frequency of parasitization of Therevidae was signiÞcantly different from the remaining families (G ϭ 284.05, P Ͻ 0.001). The frequency of parasitization of Tachinidae was signiÞcantly different from the remaining families, excluding Therevidae (G ϭ 117.16, P Ͻ 0.001), and the frequencies of parasitization were not signiÞcantly different among the remaining parasitized families (G ϭ 1.03, P Ͼ 0.05).
Of the families that had parasitized individuals, the mite loads were signiÞcantly different (H ϭ 30.57, P Ͻ The locations of microtrombidiid mites on parasitized families of brachyceran Diptera are illustrated in Fig. 1 and the frequencies of mites at different attachment sites is shown in Table 2 . The frequencies of mites at different attachment sites were signiÞcantly different ( 2 ϭ 1576.71, P Ͻ 0.001). Mites appeared to prefer the soft cuticular areas behind the hind coxae (BHC, site 7, Fig. 1, Fig. 2 ) and ventrally between the head and the prothorax (ventral cervical area ϭ VCA, site 2, Fig. 1, Fig. 2 ) equally ( 2 ϭ 1.11, P Ͼ 0.10). Another position of attachment where mites were commonly found was on the ventral sclerites of the abdomen (site 9, Fig. 1 ). Among all of the attachment locations, mites were least likely to be found attached to the membrane between the thorax and the abdomen (site 6, Fig. 1 ), intersegmentally on the legs distal to the coxae (site 5, Fig. 1 ), or on the head (site 1, Fig.  1 ). The frequency of mites at different attachment sites on tachinids was signiÞcantly different ( 2 ϭ 13.57, P Ͻ 0.01), but the signiÞcance was accounted for by the low attachment frequency on the thorax (site 3, Fig. 1 ) and between the thorax and the abdomen (site 6, Fig. 1 ). For tachinids, attachment to the VCA, BHC, or coxae (site 4, Fig. 1 ) was equally likely ( 2 ϭ 3.66, P Ͼ 0.05). The frequency of mites at different attachment sites on therevids was signiÞcantly different ( 2 ϭ 1040.04, P Ͻ 0.001). The signiÞcance was likely attributable to the high frequency of attachment to the VCA and BHC, but the frequencies between these two sites was signiÞcantly different ( 2 ϭ 4.50, P Ͻ 0.05). The attachment frequencies at the remaining sites are also statistically different from each other ( 2 ϭ 136.74, P Ͻ 0.001) with a higher preference for attachment to the abdomen and thorax than to the legs, coxae, or on the head.
IdentiÞed parasitized therevid taxa are listed in Table 3. Individuals of Ozodiceromyia were parasitized at a ratio of 1Ð 4, whereas 1 out of every 5.5 individuals of Brachylinga was parasitized. Male and female Therevidae parasitization data are provided in Table 4 . Female Therevidae were more likely than males to be found with mites attached (G ϭ 47.99, P Ͻ 0.001). The sample contained a total of 504 female Therevidae, of which 171 were parasitized by microtrombidiid mites. Four hundred and sixty-nine male specimens were collected, of which 70 were parasitized by mites. No signiÞcant difference between mite loads was found between sexes (H ϭ 1.26, NS). The analysis was performed with the combined family data, which was heavily skewed by the specimens of O. nanella (Cole). The trend, however, is maintained for all taxa except for the species Ozodiceromyia n. sp. B, which was represented by only one male specimen (Table 3) .
The location of the attached mites on male and female Therevidae are listed in Table 5 . Among females, mites showed a signiÞcant attachment site preference ( 2 ϭ 1141.61, P Ͻ 0.001). Mites were most likely to be found BHC on females. Attachment to the VCA was also high, but signiÞcantly lower than BHC ( 2 ϭ 4.45, P Ͻ 0.05). Attachment to the rest of the abdomen and thorax was also high. There was also an attachment site preference among males ( 2 ϭ 85.17, P Ͻ 0.001), but mites were equally likely to be found BHC and on the VCA. Unlike the females, no mites were found attached to the dorsal sclerites of the abdomen (site 8, Fig. 1 ) or between the thorax and the abdomen in male Therevidae.
Discussion
The data presented here will be valuable for future investigations, however, no clear ecological pattern emerges from the data that might lead to conclusions about the disparity in the frequency of parasitization and mite loads among Brachycera. Because larval mites are soil dwelling, it is possible that dipteran larvae that live in the soil or leave their larval microhabitat and pupate in the soil are direct targets of parasitization by the mites. Newly emerged adult Diptera are soft and not fully sclerotized (teneral) (Roter et al. 1985 , Dwivedi and Agrawal 1995 , Disney 1997 ) so the adults might be attacked during or slightly after eclosion. This, however, fails to explain why some families that have fossorial immatures are not targeted by the mites (i.e., Bombyliidae, Dolichopodidae, Asilidae; see Table 1 ) or why attachments sites are most often on membranous, weakly sclerotized areas on the host (see below). Therevid immatures are certainly fossorial, but the microhabitat of immature tachinids is extremely varied, and these two families are most heavily parasitized.
We, like Mittal and Dhiman (1990) , found that the parasites attach at sites where the cuticle is weakly sclerotized and more disposed to penetration signiÞ-cantly more often (i.e., site 2, site 7, and site 6; Fig. 1 ). Although a large number of mites were found attached to strongly sclerotized areas (i.e., site 8 and site 9), the statistics suggests that the adults are most likely attacked after their cuticle has sclerotized. The high frequency of mites at the VCA suggests that adult ßies have ineffectual mechanical defense or larval mites are small enough or stealthy enough to escape notice when Þrst attaching to the host. Attachment to sites at membranous areas suggests that parasitization might be associated with adult ecology.
There is a signiÞcant preference by the mites for therevid females over males. Female therevids tend to be larger than males. Larger female therevids would provide a greater volume of hemolymph resource as well as a possible source of fat body stores involved with oogenesis. Lanciani (1988) found, however, that parasitic water mites preferred female hosts even if they were similar in size to males after nutrient deprivation. That study suggested that female mosquitoes, the more highly targeted hosts of the mites, provide a more probable vehicle for the mite to return to water. In concurrence with LancianiÕs hypothesis (1988) , if the parasites are seeking a return to their soil habitat, a female that oviposits there would provide a good return mechanism for the mites.
